We present the case of a 9-year-old boy with a non-germinomatous germ cell tumor (NGGCT) in the pineal gland that exhibited a fulminant course following chemo-and radiotherapy. After the detection of the tiny cerebellar enhancing nodule at the end of chemo-and radiotherapy, tumor seeding progressed rapidly into the entire cisternal space. We herein report a rare case of NGGCT with fulminant clinical course of concomitant cerebellar seeding, with review of literature.
INTRODUCTION
Intracranial germ cell tumors (GCTs) are divided into germinomas and non-germinomatous GCTs (NGGCTs) according to the histologic components and the degree of differentiation [1] . NGGCTs constitute approximately one-third of intracranial GCTs, and exhibited worse prognoses than germinomas [1] [2] [3] .
Multimodal approaches, including chemotherapy, radiotherapy, and surgical resection, have been attempted in many combinations to improve the dismal prognoses of intracranial NGGCTs [1, [4] [5] [6] [7] [8] [9] . Herein, we present the fulminant course of an intracranial NGGCT. Despite the standard chemotherapy and radiotherapy, a cerebellar nodule was detected, and the cerebrospinal fluid (CSF) seeding rapidly progressed into the whole cistern subsequently. 
CASE REPORT Initial presentation and management
A 9-year-old boy presented diplopia for 15 days. In neurologic examination, he had an upward gaze limitation and sluggish light reflexes in both eyes. Magnetic resonance imaging (MRI) from an outside hospital revealed a 3 cm mass in the pineal gland. The mass exhibited a low signal intensity on T1-weighted imaging (T1WI) and a high signal intensity on T2-weighted imaging (T2WI). Contrast-enhanced T1WI revealed a strong enhancement of the lesion (Fig. 1) . There was no evidence of leptomeningeal seeding in the spine on MRI. A tumor marker study revealed remarkably elevated level of alpha-fetoprotein (AFP) in both the serum (10,500 ng/ mL) and CSF (8,300 ng/mL). However, the level of human chorionic gonadotropin in the serum was within the normal range.
Based on the MRI and tumor marker study [1] , the pineal mass was diagnosed as a NGGCT. Therefore, the patient underwent chemotherapy and radiotherapy.
Chemotherapy
He underwent chemotherapy using the Korean Society of Pediatric Neuro-Oncology (KSPNO) protocol for high-risk GCTs (KSPNO-G052). He was treated with 2 cycles of alternating regimens (A and B). After 4th chemotherapy, the serum AFP level decreased to 94 ng/mL, the CSF AFP level decreased to 312 ng/mL, and an MRI revealed a decrease in the size of mass to 1.75 cm ( Fig.  2A ). There was no evidence of leptomeningeal seeding in MRI ( Fig. 2A) , and CSF cytology was negative.
Radiotherapy
One month after chemotherapy, he underwent radiotherapy. The initial radiation was administered to the craniospinal axis at a dose of 30.6 Gy divided into 17 fractions over 3 weeks and subsequently to the pineal gland area at 23.4 Gy divided into 13 fractions over 3 weeks.
One month after the last radiotherapy, the serum AFP level decreased from 1,194 ng/mL to 187.2 ng/mL. MRI revealed a (Fig. 2B) .
We were not convinced that the tiny nodule should be a leptomeningeal seeding because the tumor marker had decreased. The diplopia was resolved after the chemotherapy, and no other new symptoms appeared. Also, other CSF spaces were free from seeding. Due to the uncertain identity of the nodule, we planned a short-term follow up.
Short-term follow up
Two weeks after the detection of the cerebellar nodule, a tumor marker study revealed elevated AFP levels in both the serum and CSF. The serum AFP level was increased by fourfold (187.2 ng/mL to 879 ng/mL). The CSF AFP level was also markedly elevated (1,050 ng/mL). Therefore we planned a resection of the residual mass in the pineal gland. After examining the pathology of the pineal mass, additional radiotherapy was considered to treat the cerebellar nodule.
Planned surgery
One month after the detection of the nodule, the patient was admitted for planned surgery. Unexpectedly, navigation MRI revealed an extensive CSF seeding including the prepontine, sylvian and suprasellar cisterns (Fig. 3) . The surgery was cancelled. ) on days 0 and 7 [10] . During the salvage chemotherapy, His clinical status deteriorated rapidly. After the 2nd cycle, a brain and spinal MRI revealed extensive CSF seeding across all of the cisternal spaces and the entire spinal canal (Fig. 4) . Due to the extensive state of tumors, further chemotherapy was discontinued. The patient died three month after the salvage chemotherapy was initiated.
DISCUSSION
Previously, the 5-year overall survival rate for intracranial NGGCT has only been 20-40% with radiation therapy [2, 11] . Unlike germinomas, NGGCTs respond poorly to radiation therapy. Therefore, the addition of chemotherapy to radiotherapy has been performed for several years [6] . Neoadjuvant chemotherapy with response-based radiotherapy has shown a three-year overall survival rate of 79% [12] .
Furthermore, neoadjuvantly combined chemo-and radiotherapy followed by complete resection of the residual tumor has been reported to have a five-year overall survival rate of 93% [7] . Resection of the residual tumor after the initial treatment has been advocated by some groups [6, 13] . Weiner et al. [14] supported the surgical resection of residual masses after chemotherapy. Additionally, Kochi et al. [5] reported good survival with neoadjuvant chemo-and radiotherapy followed by resection of the residual tumor. They found viable tumor cells in three of nine residual tumors. Therefore, resection of the residual tumor seems to provide an oncological advantage for the elimination of the source of tumor progression. The present case exhibited a residual mass with elevated tumor marker levels following the chemo-and radiotherapy. In this condition, aggressive surgical treatment might be helpful for achieving better clinical outcomes.
In contrast to the treatment protocol for primary NGGCTs, there is no clear consensus regarding the management of relapsed and progressed cases [15] . Some groups have adopted HDCT/ASCT for the treatment of these tumors [15, 16] . Baek et al. [15] studied the effectiveness of HDCT/ASCT in eleven progressive or relapsed NGGCT cases. The 3-year overall survival rate was 36.4%. Additionally, Modak et al. [16] studied 12 cases, and the 4-year overall survival rate was 42%. In present study, HDCT/ASCT was planned. However, the tumor progression was too fulminant to initiate the HDCT/ASCT in time. If HDCT/ASCT had been considered earlier, the patient might have received HDCT/ASCT, and the outcome might have been better.
To alleviate fulminant progression of NGGCT after initial therapy, residual tumor should be observed closely and treated aggressively. The tracking of tumor marker levels could be a guide to clinical decision. It has been used as a sensitive indicator of recurrence and tumor viability [17] . In present case, leptomeningeal seeding should have been suspected at the time of initial detection of the cerebellar nodule, because the 
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level of AFP had not normalized. Retrospectively, it seems that urgent application of active treatment such as surgical resection or HDCT/ASCT may have improved the outcome of the patient. The treatment outcomes of NGGCTs are much worse than those of germinomas. Even when the initial therapy encompasses chemotherapy and radiotherapy, some NGGCTs can progress rapidly. To identify fulminant NGGCTs in advance, tumor marker studies and imaging to search for evidence of seeding are necessary. If the tumor marker is not normalized after the initial therapy and tumor seeding is suspected based on imaging, active management, including resective surgery or HDCT/ASCT, should be considered.
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